Background. Prognostic stratifi cation of older patients with complex medical problems among those who access the emergency department (ED) may improve the effectiveness of geriatric interventions. Whether such targeting can be performed through simple administrative data is unknown.
T HE number of visits to emergency departments (EDs) has substantially increased during the past few years, especially for patients aged 65 years and older who requested 26% more ED visits from 1993 to 2003 ( 1 ) . Admissions of older persons to the ED are generally appropriate; most of them receive an extensive diagnostic workup and are eventually transferred to a hospital ward ( 2 ) . Frail older patients affected by multiple diseases, often with unusual clinical presentation, and polypharmacy are unlikely to receive adequate care when admitted in ED, especially if they have cognitive impairment, have communication diffi culties, or lack a social support network ( 3 ) . Frail older patients are also at high risk for multiple hospital admissions and adverse health outcomes, such as functional or cognitive decline, adverse drug reactions, or death ( 4 , 5 ).
Interventions have been proposed to improve in-hospital or long-term outcomes of complex and vulnerable older patients accessing the ED. These include improved triage systems ( 6 ) , institution of a geriatric consultation team in the ED ( 7 ) , and application of comprehensive geriatric assessment (CGA) at discharge ( 8 , 9 ) , usually followed by multidisciplinary care ( 10 , 11 ) . Although these interventions improve long-term health outcomes when focused on high-risk individuals ( 12 ), they are not routinely implemented in clinical practice mostly because the screening of vulnerable older patients is expensive and time consuming.
Administrative databases are increasingly utilized to assess clinical practices ( 13 , 14 ) or to evaluate effectiveness and safety of treatments in unselected populations ( 15 ) . We hypothesized that information routinely stored in administrative database could be used for a rapid prognostic stratifi cation of older patients who access an ED for medical reasons. We also hypothesized that ED older patients classifi ed as high risk benefi t the most from admission to acute care geriatrics compared with internal medicine wards. To address these hypotheses, we used administrative data to develop the " Silver Code, " a prognostic tool that identifi es older patients at an increased risk for 1-year mortality. Then, we verifi ed whether patients transferred to an acute care geriatrics ward experienced a different mortality compared with those transferred to an internal medicine ward and whether such a difference was conditioned by the severity of the prognosis evaluated by the Silver Code.
Methods

Data Source
Data were abstracted from administrative archives maintained by the Local Health Unit 10 in Florence, Italy, which delivers health care to a population of approximately 800,000 persons. Since 2003, four administrative archives (including data on demographics, hospitalizations, drug prescriptions, and deaths) were linked using either the citizen ' s identifi cation number or fi scal code as unique identifi ers. Demographics and pharmacy archives are updated monthly, the hospital archive every 3 months, and the death registry annually. Universal health care coverage in Italy allows completeness and comprehensiveness of the information contained in these databases, which have been used in previous epidemiological studies ( 16 ) . The Italian Ministry of Health reported that Tuscany archives are 100% complete and 95% accurate ( 17 ) .
Sample and Design
Participants were all individuals aged 75 years and older admitted during 2005 to the ED of one of the Florence hospitals for medical reasons. In case of repeated hospitalizations in the enrollment period, only the fi rst one was considered as the index hospitalization. The Florence area includes one teaching hospital and fi ve community hospitals, with a total of 21 internal medicine and three geriatrics wards. All-cause mortality was ascertained for all participants until December 31, 2006.
Analytic Procedures
Statistical analysis was performed with STATA for Windows 9.0 (STATA Corp, College Station, TX).
To create the Silver Code and test its validity as a prognostic tool, the sample was randomly divided into a development ( n = 5,457) and a validation subsample ( n = 5,456). Variables initially considered as potential predictors of mortality included age, gender, marital status (married vs unmarried/widowed/divorced), number of drugs prescribed in the previous 3 months as resulting from pharmacy claims (categorized as 0 -2, 3 -4, 5 -7, and 8+), admission to a day hospital in the previous 6 months, and hospital admission in the previous 6 months with its associated main diagnostic group (diagnoses of cancer, respiratory disease, cardiovascular disease, and other conditions). In case of multiple previous hospital admissions, only the most recent was taken into account. Bivariate associations between these variables and death were analyzed using the chi-square test. The variables that were signifi cantly associated with probability of death in the bivariate analysis were subsequently entered into Cox multivariable regression models (stepwise method with p values of <.10 for entering and of <.15 for exiting variables), to identify the independent risk factors of death in a parsimonious model.
Following previous studies ( 18 ) , each independent risk factor was assigned a score, calculated as the ratio, and rounded to the nearest integer, between the regression b coeffi cient for that variable and the lowest signifi cant b coeffi cient in the Cox model that resulted to be associated with being unmarried, widowed, or divorced. A summary point score was calculated for each participant by adding the points for each present risk factor. The predictive accuracy for 1-year mortality of the point scoring system was estimated in the two subsamples by calculating the sensitivity, the specifi city, and the area under the receiver-operating characteristic (ROC) curves for the overall test. In this analysis, the area under the ROC curve expresses the probability that in all the possible pairs of participants of whom one lives and the other dies, those who survived are assigned a lower risk than those who died ( 19 ) .
To examine whether the Silver Code identifi es those frail individuals who benefi t the most from geriatric care, the study population was stratifi ed into four prognostic groups based on individual Silver Code scores (0 -3, 4 -6, 7 -10, and 11+), and 1-year mortality across prognostic strata was estimated by a Cox proportional hazard model adjusted for confounders. Further survival analyses compared 1-year mortality between participants admitted to internal medicine and geriatrics wards, adjusted for the risk score, or after stratifi cation by the risk score (0 -3, 4 -6, 7 -10, and 11+), adjusting for demographics and other covariates.
A two-tailed p value less than .05 was considered statistically signifi cant.
Results
We identifi ed 11,979 records of persons aged 75 years and older admitted to medical wards via the ED during 2005. Of these, 10,913 records (91%) could be fully linked to the four administrative databases, of which 6,034 (55%) concerned women. About 29% of the study population was in the age group 75 -79 years and the remaining was evenly distributed between the two age groups of 80 -84 years and 85 years and older. Eighteen percent of participants had been admitted to hospital in the previous 6 months and 50% had been taking at least fi ve prescription drugs in the previous 3 months ( Table 1 ) . Because of the limited number of geriatrics wards in the area, the majority of patients (93%) were admitted to internal medicine ward and only 750 patients (7%) to an acute geriatrics ward. 
Development and Validation of the Score
From the hospital admission through the following year, a total of 3,732 deaths were recorded, corresponding to a cumulative mortality of 34% in the whole sample. Mortality was similar in the development (1,871/5,457; 34.3%) and the validation (1,861/5,456; 34.1%) subsamples. In the development sample, bivariate predictors of death were older age (75 -79 years: 24%, 80 -84 years: 30%, 85+ years: 47%; p < .001), sex (men: 37%, women: 32%; p = .001), marital status (unmarried/widowed/divorced: 37%, married: 32%; p < .001), previous day hospital admission (yes: 49%, no: 34%; p < .001), previous hospital admission in a regular ward with its corresponding main discharge diagnosis (no admission: 32%, cancer: 72%, respiratory disease: 55%, cardiovascular disease: 36%, other diagnoses: 39%; p < .001), or taking more drugs prior to the index ED admission (0 -2: 32%, 3 -4: 32%, 5 -7: 35%, 8+: 38%; p = .02). In a Cox regression model, these variables were all confi rmed as independent predictors of death, except a previous discharge diagnosis of cardiovascular disease, which was excluded from the fi nal parsimonious model. From the regression coeffi cients, we calculated the prognostic score as explained in the Methods section ( Table 2 ). The resulting prognostic score had an area under the ROC curve of 0.66 against 1-year mortality.
The development subsample was then split into four balanced strata, based on a risk score of 0 -3 ( n = 1,500), 4 -6 ( n = 1,471), 7 -10 ( n = 1,265), and 11+ ( n = 1,221). Cumulative 1-year mortality increased progressively across the four strata, from 20% to 51%. In a Cox survival analysis, the risk for death increased progressively ( p < .001) from the lowest to the highest risk stratum, with hazard ratio (HR; 95% confi dence interval [CI]) of 1.5 (1.3 -1.8), 2.5 (2.2 -2.90), and 3.4 (2.91 -3.9), respectively, and p values between contiguous strata always less than .001.
In the validation subsample, the risk score had a global prognostic performance similar to that achieved in the development subsample, with an area under the ROC curve of 0.64. As shown in Table 3 , mortality increased almost linearly with scores increasing from 0 to 15+ (maximum score observed: 30), with no evidence of a plateau. When participants were stratifi ed into the four strata of score 0 -3, 4 -6, 7 -10, and 11 + , the corresponding mortality rates were 24.3, 36.8, 56.7, and 78.9 per 100 person-years. In a Cox regression model, compared with the lowest risk score stratum, death HR (95% CI) were 1.5 (1.3 -1.7), 2.2 (1.9 -2.57), and 3.0 (2.6 -3.4) for risk scores of 4 -6, 7 -10, and 11+ ( p < .001), respectively, with p values between contiguous strata always less than .001 ( Figure 1 ).
Comparison Between Acute Geriatrics and Internal Medicine Wards
Adjusting for the Silver Code risk score, 1-year mortality was 17% lower in persons admitted to an acute geriatrics ward than in those admitted to an internal medicine ward (HR 0.83, 95% CI 0.72 -0.94; p = .004).
Survival analysis was then conducted separately in the four risk score strata, adjusting for age, sex, marital status, previous admission to a day hospital, previous admission to a regular ward with corresponding discharge diagnoses, and number of prescription drugs taken. Participants in risk score strata 0 -3, 4 -6, 7 -10, and 11+ were, respectively 157, 205, 185, and 203 admitted to Geriatrics and 2,792, 2,771, 2,379, and 2,221 admitted to Internal Medicine. Whereas survival advantage of admission to an acute geriatrics ward was slight and nonsignifi cant in the three lowest risk strata, it reached 33% in the 11+ risk score stratum (HR 0.67, 95% CI 0.53 -0.84; p = .001; Figure 2 ) . A stratum × ward of admission interaction term achieved a p value of .055.
Discussion
In this study, we demonstrated that a small set of simple information easily available in administrative data sets allows a good prediction of 1-year mortality of older persons admitted to the ED for medical reasons. Furthermore, we present preliminary data suggesting that those older individuals identifi ed as high risk based on this prognostic stratifi cation experience longer survival when admitted to a geriatrics ward compared with an internal medicine ward.
The recent literature underline that early identifi cation of older persons with complex medical problems and poor prognosis, among older persons who seek medical care in the ED, may allow the implementation of more effective care plans for these critical patients. There is strong evidence that acute geriatrics wards that apply comprehensive therapeutic and management programs based on CGA, improve survival and functional outcomes of older patients at risk ( 20 -22 ) , who cannot be discharged from the ED and must admitted to the hospital. Likewise, appropriately targeted interventions, based upon CGA and complemented by subsequent multidisciplinary care, proved effective also when applied to patients who are discharged from the ED ( 8 -11 ) . Thus, the unfavorable consequences of ED visits in older patients can be minimized, if individuals at risk are promptly identifi ed and managed in a geriatric environment.
Tools for the screening of frail older patients among those admitted to ED have been proposed. The fourth version of the Emergency Severity Index is a triage algorithm validated in older persons that predicts rates of hospitalization, length of stay, resource utilization, and survival ( 23 ) . This tool was not strictly developed to identify older persons at risk, who could benefi t from geriatric treatment. Instruments for screening of older persons in ED based on CGA ( 8 , 24 ) were developed, but they are not used extensively in clinical practice, possibly because they require specifi c expertise and are time consuming. Given the rapid workfl ow of the ED, accuracy and completeness of clinical evaluation are often traded for speed, and the advantage of considering geriatric patients as entitled to special care are overlooked.
To our knowledge, no previous studies have proposed the use of administrative data to predict prognosis of hospitalized patients. The tool developed in this study allows a fi rstline assessment of long-term prognosis based on few simple administrative data, which are virtually available before patients access the ED seeking acute care. We suggest the name of Silver Code to underline its specifi city for older persons and its meaning as an addition to the traditional color-coded triage system. Because the Silver Code predicts upfront 1-year prognosis, irrespective of the reason for the index hospitalization, it probably refl ects patient ' s baseline health conditions. Clearly, patients defi ned as at low risk by the tool will be misclassifi ed if they reach the ED with serious life-threatening conditions. A stratifi cation solely based on administrative data could never, or better should never, substitute a careful consideration of patients ' clinical conditions. Nevertheless, it may represent a fi rst preliminary step to be complemented with triage tools, traditional clinical evaluation, and CGA, as appropriate. Besides its clinical applications, the Silver Code could also be used in the public health arena to compare health outcomes across different facilities or to evaluate changes in the performance of health care systems with time, for example, before and after the introduction of innovative health policies to caring for frail older persons.
We found that patients aged 75 years and older, particularly those with complex problems and at higher risk for mortality, had better outcomes when assigned to acute geriatrics than to internal medicine wards. The value of this result was supported by an interaction term close to statistical signifi cance. This fi nding can be seen as a further confi rmation of the validity of the Silver Code, which conforms to previous knowledge ( 20 -22 ) , that are high-risk older patients who take advantage from admission to geriatrics wards.
The limitations of the study should be borne in mind. We could not consider participants who accessed the ED but were eventually discharged without hospitalization. Based on values of the area under the ROC curve, the equation had a limited predictive ability. However, survival was predicted very accurately, when comparing the four risk strata. Other administrative data might contribute to prediction, such as drug regimens as a proxy for clinical diagnoses; however, drugbased risk stratifi cation tools seemed only able to predict health care costs ( 25 ) , not clinical outcomes ( 26 ) . Being restricted to a limited geographic area, the sample enrolled might not refl ect the general aged population; thus, the Silver Code should be tested in other areas. The comparison between internal medicine and geriatrics is certainly asymmetrical because less than 10% of the sample were admitted to acute geriatrics wards. Finally, the better survival of high-risk patients admitted to acute geriatrics wards must be interpreted with caution: because of the observational study design, this fi nding cannot be conclusively attributed to the superiority of hospital geriatrics services, compared with internal medicine, in the care of the frailest elderly population.
In conclusion, our results show that the Silver Code is a valuable fi rst screener of older persons seeking medical care in the ED, to identify individuals who have the potential to benefi t from admission to acute geriatrics wards. An entire process of care, starting with the Silver Code screening, including further in-person evaluation, and culminating into selective admission to acute geriatrics wards could be envisioned but needs validation in randomized clinical trials. Score 11+ Figure 2 . One-year survival as a function of hospital admission to an acute geriatrics or internal medicine ward, after stratifi cation by risk of death score. Cox regression models, adjusted for age, sex, marital status, previous admission to a day hospital, previous admission to a regular ward and corresponding discharge diagnosis, and number of drugs taken.
